The vine decline caused by Monosporascus cannonballus is a limiting factor in different crops in several countries. The objective of this study was to quantify the M. cannonballus ascospores in soils covered with tropical dry forest and areas cultivated with pineapple, cotton, coconut, corn, mango, melon, papaya, sorghum and watermelon. Five areas were sampled in tropical dry forest and every crop. The M. cannonballus ascospores were extracted using the flotation method of sucrose. Ascospores of M. cannonballus were detected in all soil samples from Rio Grande do Norte and Ceará states, including tropical dry forest. There were significant differences among the ascospores densities of M. cannonballus, which varied from 0.55 to 2.21 ascospores g -1 soil. The lower densities were found in areas with cotton, coconut, mango, pineapple, and melon within the first and fifth years of cultivation, in addition to uncultivated areas of tropical dry forest. The highest ascospores density was found in papaya areas. Up to date, there is no study to prove that this crop is considered host of this phytopathogen. Cultivated areas with cucurbitaceous with more years of cultivation presented higher densities of M. cannonballus ascospores in soils from Brazilian semiarid. However, there is no direct relationship between M. cannonballus population density in the soil and the susceptibility of the host being cultivated in the soil at the time of sampling.
Introduction
Tropical dry areas in Brazil are found in the states of the Northeast region and the north of Minas Gerais, comprising an area of 844,453 km 2 , equivalent to 11% of Brazilian territory. The climate of this region, according to the Köppen classification system is BSh, dry semi-arid with low altitude and latitude, average air temperature of 26.7 °C and relative humidity of 68.9%. The average annual precipitation is around 750 mm, with a rainy period between February and June and low probability of rainfall between August and December. In general, they have shallow, rocky, but fertile soils (Alvares et al., 2014; Alves et al., 2017; Andrade, 2017) .
The states of Rio Grande do Norte (RN) and Ceará (CE) located within the tropical dry areas are characterized by a very developed and diversified fruit production activity.
In these states there are two fruit crops that stand out: the cultivation of melon (Cucumis melo L.) presenting an output of 354.8 and 98.5 thousand tons, and watermelon (Citrullus lanatus (Thunb.) Matsum & Nakai) with 135.3 and 35.5 thousand tons produced, respectively (IBGE, 2016) . In Brazil, these crops have a production of 596.4 and 2,090 thousand tons, respectively, exhibiting a value of US $ 180.2 million (26.5%) of Brazilian exports of fresh fruits (ANUÁRIO, 2017) .
The expansion of these cucurbits, associated with intensive and continuous cultivation, without crop rotation, has increased the incidence and severity of root diseases, which are responsible for the higher losses of productivity and quality of commercialized fruits (Sales Júnior et al., 2007; Senhor et al., 2009) . Among the diseases, Monosporascus root rot and vine decline (MRRVD), caused by the fungus Monosporascus cannonballus Pollack & Uecker, is widely disseminated in the main producing areas
Materials and Methods
Collection of soil samples Soil samples were collected from 60 areas, five of which were non-cultivated pertaining to tropical dry forest, and 55 areas cultivated with different crops, including coconut (Cocos nucifera L.), cotton, maize, mango (Mangifera indica L.), melon, papaya (Carica papaya L.), pineapple (Ananas comosus (L.) Merril), sorghum and watermelon. These areas were located in the semi-arid region of the RN and CE states. Five areas from each crop and tropical dry forest were sampled, all of them were also georeferenced. In respect to areas cultivated with melon, 5 soil samples were collected according to their planting history: 1, 5 and 10 years (Table  1) . Each sample was represented by 10 sub-samples, collected in zigzag at depth of 0 to 20 cm, which is the zone of highest ascospore concentration of M. cannonballus (Mertely et al., 1993) . In these producing areas, data regarding their collapse history caused by M. cannonballus were also gathered.
Processing of soil samples
After soil collection, the samples were shade dried and sieved in a 2 mm mesh for residue removal. Six replicates of 20 g were obtained from each soil sample, constituting the replicates, from which the ascospores of M. cannonballus were extracted by the sucrose flotation method, according to Beltrán et al. (2005) and adjusted by Sales Júnior et al. (2006) .
Initially, the soil samples were sieved in a 250 μm mesh in order that larger particles were eliminated. After that, a 20 g sample of each sieved soil was placed in 500 ml of water, stirred for 5 min and then passed through 75 and 30 μm mesh sieves.
The particles retained in the 30 μm mesh sieve were washed using running water and centrifuged at 900 g for 4 min. The supernatant was then discarded, and the particles were dissolved in 40 mL of 50% sucrose solution and centrifuged at 900 g twice for 2 min. The supernatant obtained from the last step went through a 30 μm mesh sieve one more time, and the retained particles were distributed in Petri dishes, where the counting of ascospores were proceeded morphologically defined by (Mertely et al., 1993) on a stereoscopic microscope at 40x.
Data analysis
The mean of the data yielded from this study for levels of ascospores g -1 soil belonging to the treatments did not meet the assumptions of the variance analysis (normality of error distribution and homogeneity of variances). The obtained data were verified by the Kolmogorov-Smirnov, Kuiper and Lilliefors statistical normality tests (P> 0.05), which were then transformed by the equation X= and submitted to analysis of variance. The means were compared by the Scott-Knott test (P = 0.05) and all the statistical analyzes were carried out with the assistance of the program Assistat Software Version 7.7 (Silva and Azevedo, 2016) .
of Assú-Mossoró (RN) and Baixo Jaguaribe (CE) (Sales Júnior et al., 2004; Andrade et al., 2005; Medeiros et al., 2006; Sales Júnior et al., 2010) .
The MRRVD is one of the factors that has also limited the production and expansion of melon, watermelon and other cucurbitaceous crops in the main producing regions of the world for several years. Currently, M. cannonballus has been reported causing disease in melon in 22 countries (Cohen et al., 2012; Al-Mawaali et al., 2013; Yan et al., 2016; Markakis et al., 2018) .
The major marketed host crops of M. cannonballus are melon and watermelon. However, many plant species support the pathogen growth and are susceptible under artificial or field inoculation conditions (Sales Júnior et al., 2018) . Among them are asparagus (Achyranthes aspera L.), common bean (Phaseolus vulgaris L.) (Mertely et al., 1993; Martyn and Miller, 1996; Cohen et al., 2012) 
Infection in plant roots can occur from fungal mycelium that has survived in weeds (Sales Júnior et al., 2012) , soil, cultural remains or ascospores that germinate when stimulated by root exudates or by soil microbiota (Stanghellini et al., 2000; Stanghellini and Misaghi, 2011; Aleandri et al., 2017) . Thus, ascospores of M. cannonballus are considered as primary inoculum and are presumed to withstand in the soil for many years in the dormancy stage (Waugh et al., 2003) . For this reason, the monitoring of M. cannonballus inoculum in soil is a measure that may assist in the management of MRRVD (Mertely et al., 1993; Waugh et al., 2003) .
No study to date has shown a selective medium for isolation of this organism in the soil, being the method of physical extraction by flotation of sucrose the most used to quantify ascospores of M. cannonballus in areas of cucurbit production (Mertely et al., 1993; Waugh et al., 2003; Radewald et al., 2004; Stanghellini et al., 2004; Beltrán et al., 2008; Sales Júnior et al., 2006) .
Previous studies on areas cultivated with melon have detected the population level of M. cannonballus in Texas (USA) of 14.40 ascospores g -1 soil (Mertely et al., 1993) , in California (USA) of 2.10 ascospores g -1 soil and in Spain of 2.34 ascospores g -1 soil (Beltrán et al., 2005) . In Brazil, Medeiros et al. (2006) studied the population of M. cannonballus in fields of melon production as well as areas of the Caatinga in the states of CE and RN and found ascospore levels ranging from 0.50 to 26.04 and from 0.18 to 18.30 ascospores g -1 soil. Values higher than 3.0 ascospores g -1 soil were found in 40 and 60% of the fields of the aforementioned states, respectively.
Considering all the circumstances stated above, the present work aims to quantify ascospores density of M. cannonballus in soils of tropical dry forest which were never cultivated and areas cultivated with different crops, in the Brazilian semi-arid region. 263 
Results and Discussion
Ascospores of M. cannonballus were detected in all sampled soils, with values varying from 0.74 to 1.47 ascospores g -1 soil, with significant difference (P <0.05) among the areas (Table 1 ). The highest density of ascospores was found in the soils cultivated with papaya (1.47 ascospores g -1 soil), differing statistically from the other crops, such as tropical dry forest, which can be considered as control because it was not anthropized nor cultivated. Ascospores of Monosporascus have been found in soils of semiarid regions around the world such as Arizona (U.S.A.), India, Iran, Libya and Pakistan (Reuveni and Krikun,1983) , due to their temperature that is great for the pathogen, which is considered to be a thermophilic fungus, providing it greater competitive and adaptive capacity to soils of dry and semi-arid areas .
In cultivated cucurbitaceous areas, the highest densities of ascospores in soil were observed in areas with watermelon (1.27 ascospores g ), differing significantly (P <0.05) from areas with one and five years of melon cultivation, whose densities were 0.76 and 0.74, respectively. These results were already expected, because M. cannonballus colonizes roots of cucurbitaceae such as the crops mentioned ahead (Medeiros et al., 2008a) , participating in the pathogen-host relationship in which their roots serve as source of inoculum for the pathogen to settle, colonize for a better reproduction and/or its survival by the formation of ascospores.
A previous study conducted by Andrade et al. (2005) has shown that M. cannonballus is widely disseminated in areas cultivated with melon in the states of RN and CE. Subsequently, Medeiros et al. (2006) , analyzing different soils of cucurbitaceous and Caatinga biome producing areas, has reported the presence of M. cannonballus ascospores, concluding that it was not introduced in Brazil by propagating material, but it was already a natural inhabitant of the soil microbiota in this region.
Prospecting studies in melon production fields in the State of RN in different crops and sampling areas performed by Medeiros et al. (2008b) ). Possibly, this difference may have been due to the type of management applied by the producer, who often incorporate cultural remains of melon and watermelon or apply the thermal blanket technique. The first action favors the multiplication of M. cannonballus inoculum, which was already proven by Stanghellini et al. (2004) , and the second results in soil heating which eventually benefit thermophilic fungi (Medeiros et al., 2008a) .
There was no significant difference between the density of M. cannonballus ascospores in soils cultivated with coconut (0.97 ascospores g (Table 1) . These results corroborate with those obtained by Stanghellini et al. (1996) when they verified this similarity in the population density of this fungus in melon fields with and without history of disease, as well as in native desert soils. However, the amount of ascospores in the soil cannot be the only factor to be taken into account when predicting that a certain area will be affected by the disease. For instance, the percentage of germinating ascospores may be different according to several aspects such as virulence, plant susceptibility and soil conditions. Besides, previous studies conducted by Stanghellini et al. (2000) have shown that the actinomycetes are involved, directly or indirectly, in the induction of germination of M. cannonballus ascospores in field soil in Table 1 the presence of exudates originated from cantaloupe melon roots.
Recent studies have reported that the germination of M. cannonballus ascospores is straightly mediated by Olpidium bornovanus (Sahtiy.) Karling, an obligate root pathogen, zoosporic (Stanghellini and Misaghi, 2011; Stanghellini et al., 2014; Aleandri et al., 2017) , and vector of the Melon necrotic spot virus -MNSV, also associated with the MRRVD in melon (Herrera-Vásquez et al., 2010) .
Correspondingly, it is important to emphasize that melon and watermelon areas, especially those with high incidence of MRRVD and low productivity, are utilized for cultivation of other crops in order to reduce the fungal inoculum and maintain the activity in these fields. It is also important to note that migration to new areas is a common practice for farmers when productivity is compromised due to root diseases.
The areas that were cultivated with melon or watermelon are generally used for the cultivation of perennial and semi-perennial crops, such as mango and papaya, respectively, as well as sorghum and maize . Nevertheless, it is noticed that even with the use of non-host crops of M. cannonballus, there is persistence of its inoculum. This can be the result of the multiplication of their ascospores as a way for survival in the melon and watermelon roots that were previously incorporated into the soil.
The destruction and /or removal of infected cultural remains is a management strategy widely used by farmers to reduce the inoculum of phytopathogenic fungi (Baird et al., 2003) . However, studies carried out by Stanghellini et al. (2004) have shown that the practice of applying herbicides in volunteer plants and destruction of cultural remains is not always that much efficient for the management of M. cannonballus. The results provide confirmatory evidence on how difficult is its control.
Despite the low density of ascospores found in these areas, this event is quite concerning because M. cannonballus is one of the most aggressive fungi associated with melon roots (Beltrán et al., 2005) . Additionally, its initial inoculum is incorporated into the soil, multiply at the end of each crop cycle, and may remain in the soil for several years (Beltrán et al., 2005) .
The higher density of ascospores in areas with 10 years of melon cultivation and the ones cultivated with watermelon can be explained by the monoculture of the melon and the use of mulch that generates a higher soil temperature, selecting the most thermotolerant fungi such as M. cannonballus (Medeiros et al., 2008a) .
High densities of ascospores have been reported in many melons producing areas in Brazil (Medeiros et al., 2008b) and abroad (Mertely et al., 1993; Beltrán et al., 2008) in soils with temperature between 25 and 30 °C (Waugh et al., 2003) , without moisture saturation (Beltrán et al., 2005) .
The increase in the density of M. cannonballus inoculum does not significantly influence the intensity of the disease (Beltrán et al., 2008) , but low values of density (0.1 colonyforming units g -1 soil) produce elevate severities indicating the high viability and infectivity of fungus propagules in the soil, as well as reinforce its great destructive potential (Andrade et al., 2005). 265 It is important to note that the detection of M. cannonballus ascospores may be relevant to predict the future risks of disease in the field (Beltrán et al., 2005) . In Brazil, there is still no parameter that indicates a risk threshold for the number of ascospores necessary to cause disease.
Melon fields are seen as problematics when they present minimum of 2.0 ascospores g -1 soil (Waugh et al., 2003) . If this value was taken into account, this soil would be considered with low risk threshold, once it shows levels somewhat under the average. However, little is known about which factor is responsible for the increase in infectivity and virulence of ascospores.
As M. cannonballus inoculum already existed when the melon was introduced into tropical dry forest areas and the disease incidence levels remained alarming until 2002, the significant increase in disease could be associated with changes in production technology which called for intensive exploitation, such as monoculture, increased planting density, high-frequency drip irrigation and the use of mulch. These changes may be creating favorable conditions for the increase in the infectivity of M. cannonballus ascospores and the development of the disease (Cohen et al., 2012) .
Areas with papaya cultivation exhibited the highest ascospores densities of M. cannonballus. Up to date, there is no study to prove that this crop is considered host of the fungus. However, many factors may be associated in the ecology of this pathogen in soils with papaya, such as the history of the areas, incorporation of cultural remains from previous crops and the use of techniques that may be increasing soil temperature, therefore, favoring the development and selection of thermophilic fungi.
Based on what was shown, further research is required to analyze whether papaya can become a host to M. cannonballus in Brazilian dry tropical areas as well as which edafo-climatic factors stimulate the increase of the population density of this fungus in crop succession.
Conclusions
There is no direct relationship between M. cannonballus population density in the soil and the susceptibility of the host being cultivated in the soil at the time of sampling. Residual populations of M. cannonballus present in the soil prior to planting of the new crop in the areas seems to be determinant for the population density detected at the time of sampling.
